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<S) Method for applying a coating to a substrate. 

@ Method for applying a coating to a substrate, in 
particular the outer surfaces of ships' hulls in order 
to protect them from fouling by exposure to marine 
organisms In a submerged aquatic environment, 
whereby the coating consists of polymerized 
fluorocarbon material (2. 6) which is thermally fused 
to the substrate (4,7), for example by means of a 



coherent form of radiation (1,8), e.g. a laser beam, 
whereby the fluorocarbon coating (2.6) absorbs suffi- 
cient energy to melt and pass sufficient energy to 
heat the substrate (4.7) at and near the interface 
(3.9), to bond the coating (2.6) and the substrate 
Interface (3,9). 
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METHOD FOR APPLYING A COATING TO A SUBSTRATE 



The invention relates to a method for applying 
a coating to a substrate, In particular the outer 
surfaces of ships' hulls in order to protect them 
from fouling by exposure to marine organisms in a 
submerged aquatic environment. 

Such methods are known from the US patent 
nos 3,684.752. 3.979.354 and 4.082,709 and de- 
scribe the method of applying paint including a 
biocide. which destroys the fouling organisms with 
a toxic compound that Is released Into the water 
surrounding the ship. However these methods cre- 
ate an ecological problem in that the toxins destroy 
desirable organisms along with the fouling marine 
organisms such as bamacles, since most anti-foul- 
ing toxins are slowly and gradually released Into 
their surrounding waters, poisoning any marine 
fouling organism with which it comes in contact. 

The invention is characterized in that the coat- 
ing consists of polymerized fluorocarbon material, 
preferably of the group constituted by PFA 
(polyfluoraether), PTFE (polytetrafluoroethylene). 
FEP (fluorinated ethylene propylene), CTFE 
(chlorotrifluoroethylene), TFE (tetrafluorethylene), 
ETFE (ethylenetrlfluoroethylene) and PVF 
(polyvinylfluoride). 

These materials are highly hydrophobic, thus 
repelling the fouling organisms and preventing 
them to get hold on the coating. Other advantages 
are their extremely smooth and non-stick surface 
that has a very low coefficient of friction of about 
0,02 maximizing the abrasion resistance and the 
aqueous slip (ability of a vessel to glide through 
the water) and their corrosion resistance. 

According to another method according to the 
invention, the coating is a fluorocarbon film which 
is thermally fused to the substrate. This has the 
advantage that the film as such can be without 
pinholes, so preventing marine organisms to attach 
themselves to the surface. 

According to another method according to the 
invention, the fluorocarbon material is, as the case 
may be electro-statically, sprayed onto the sub- 
strate and is thermally fused to the substrate. This 
method is specially suited for vary large surfaces In 
which it is very hard to obtain the desired tempera- 
ture of the substrate needed. 

According to still a further method according to 
the invention, the thermal fusing is obtained by 
employing a coherent form of radiation, concen- 
trated In a small portion of the electromagnetic 
spectrum, the fluorocarbon resin coating absorbing 
sufficient energy from the radiant laser beam to 
melt and. as the case may be, passing sufficient 
energy to heat the substrate at and near the joinder 
surface to approximately the same temperature, so 



as to bond the coating and the substrate interface. 
This has the advantage that the heat needed to 
bond the substrate and the coating, can be locally 
applied and the desired temperature may be 

5 reached thereby. 

According to still another aspect of the inven- 
tion, the wavelengths of the coherent light source 
are compatible with both the fluorocarbon resin and 
the substrate material. In that way it is possible to 

70 heat both materials to practically the same tem- 
perature needed for fusing and adapt that 
wavelength to the properties of both materials. 

An apparatus for carrying out the method ac- 
cording to the invention is characterized in that it 

75 comprises a source of coherent light The advan- 
tage is that a relatively small size energy source 
can be used that is highly mobile, so that a unre- 
allstically large oven is not required as would be in 
the conventional baking operations. 

20 A further apparatus for carrying out the method 

according to the invention is characterized In that 
the source of coherent light is an infrared laser, 
preferably of the carbon monoxide, carbon dioxide, 
methane or methanol type, whose wave length is 

25 greater than one urn. 

Another apparatus for carrying out the method 
according to the invention comprises an infrared 
laser, throwing its light, as the case may be via an 
optical system for correcting format and alignment 

30 of the beam, onto a first optical deflector which 
reflects a small percentage to a broad band In- 
fraRed (1R) sensor, which accurately measures the 
realtime IR laser power, generating a analogue or 
digital signal and Is connected to an analogue-to- 

35 digital interface circuit, on one hand linked to the 
central processing terminal and on the other hand 
to the laser power supply, locking the said laser 
power supply to the value specified by said central 
processing terminal, whereas the remaining part of 

40 the beam passes through a second optical deflec- 
tor via a Y-scanner mirror and an X-scanner mirror 
for correct positioning of the beam during raster 
scanning, optical scanning correctors for keeping 
the beam focussed to a consisted size and angle 

45 with respect to the substrate, an IR feedback sen- 
sor receiving the IR radiation reflected from the 
heated substrate via the optical scanning correctors 
the X-scanner min-or, the Y-scanner mirror, the 
second optical deflector, the first optical deflector 

so and the mirror, said IR feedback sensor generating 
an analogue or digital signal, being connected to 
another input of the anaiogue-to-digital interface 
circuit for realtime processing to correctly manage 
the sweep rate of the fastest moving axis (X or Y) 
and/or manipulate laser-power when one or the 
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other parameter limit has been approached, a te- 
lemetry measuring sensor, connected with its out- 
put to a third input of the analogue-to-digital inter- 
face circuit, receiving Its signal from the substrate 
through the optical scanning correctors, the X- 5 
scanner mirror, the Y-scanner mirror and the sec- 
ond deflector for distance measurements to be 
accurately made in realtim©, as the laser beam 
sweeps across the surface, an IR camera receiving 
an IR picture of the substrate and being connected 10 
with an IR thermal Image processor, which is linked 
to a fourth input of the analogue-to-digital interface 
circuit. The advantage of this system is that real- 
time monitoring sensors are used to selectively 
control the infrared thermal process. This is accom- is 
pushed by controlling the energy distribution pre- 
cisely and accurately over the material to be Irradi- 
ated, employing selective realtime thermal detec- 
tors that feed information to computerized electron- 
ics, which In turn control the power distribution 20 
such that the heating of a localized area can be 
precisely varied in accordance with the needs of 
the irradiated material. Moreover the telemetry con- 
trol devices manage the optical system such that 
the beam spot profile remains uniform over a 25 
changing surface contour. This can be accom- 
plished by many methods, the most preferred be- 
ing a coherent light source system that monitors 
exact changes in the surface contour. Pladng the 
telemetry measuring sensor in the optical path of 30 
the laser beam passed through the scanning op- 
tical correctors allows for distance measurements 
to be accurately made in realtime as the laser 
beam sweeps across the surface. Electronic sig- 
nals are then sent back to the analogue-to-digital 35 
interface which in turn correctly focusses the op- 
tical scanning correctors for consistent optical fo- 
cus onto the substrate. The central processing ter- 
minal then activates the shutter control circuits, 
which in turn open the IR laser shutters and ini- 40 
tiates the IR laser. As the beam passes through the 
first optical deflector, a small percentage is re- 
flected back to a broad band IR sensor which 
accurately measures realtime IR laser power. An 
analogue or digital signal is then generated and 45 
sent back to the analogue-to-digital conversion in- 
terface circuit where the laser power is locked into 
the value specified by the central processing termi- 
nal. 

In still another apparatus for canrying out the so 
method according to the invention, the telemetry 
measuring sensor is placed next to the optical 
scanning correctors for look-ahead surface profiling 
and storing the information In a memory, which 
may be Incorporated in the analogue-to-dlgital In- 55 
terface circuit. 

In this method look-ahead surface profiling can 
be done and the measurements stored in solid 
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state memory and recalled as a scanning laser 
beam reaches these points. 

In a further apparatus for carrying out the 
method according to the invention, a carriage is 
present which can be moved along the substrate, 
having a plurality of elevator members which are 
interconnected by a tmckframe platform, support- 
ing the equipment necessary to carry out the pre- 
viously mentioned methods. 

This has the advantage that also very large 
objects as ships* hulls can be coated by the ap- 
paratus described above. 

The invention will be Illustrated by way of ex- 
ample, by the accompanying drawings in which 
Fig.1 - shows a substrate, coated by a transpar- 
ent film and bonded by laser radiation, 
Fig.2 - shows a substrate on which a powdered 
coating is applied by electrostatically spraying 
and simultaneously heating both substrate and 
coating by laser radiation, 
Rg.3 - shows a circuit for applying laser radi- 
ation to the substrate and tiie coating, In which 
realtime surface profiling is used, and 
Rg.4 - a similar circuit, in which look-ahead 
surface profiling is performed, 
ng.5 - an apparatus wherein the laser Is ar- 
ranged on a vehicle. 
In Fig.1 a CO2 laser 1 throws its coherent light 
beam onto the prefomned fluorocarbon film 2. This 
light beam 5 passes through tiie film 2 to the 
substrate 4 and in so doing substantially heats the 
substrate and the interface 3 of the transparent film 
2 and substrate 4, so that the materials on each 
side of the interface are heated to their desired 
temperatures and fuse together and upon cooling 
the interface becomes an integral bond that perma- 
nently joins the film 2 to the substrate 4 tiirough 
the now fused layer 3. 

A principal use of this method is to coat the 
surface of a ship's hull with a thin but durable film 
of a fluorocarbon material that possesses an ex- 
tremely smooth outer surface, which is pinhole free 
and has a very low water transmission rate and 
tenaciously clings to the ship's hull surface, so that 
in effect there is produced a low coefficient of 
friction surface, that is integral with the hull, so as 
not to pemilt barnacles or other marine organisms 
to domicile or attach to the ship's hull and con- 
sequentiy, no fouling can occur, even during long 
periods of submersion of the hull in fresh or salt 
water, as would be encountered in rivers or oceans 
throughout the world. 

Fig.2 shows how a thin coating 6 of a fluorocar- 
bon material, particularly PTFE and PVF. in pow- 
dered form, by first spraying on the fine-powdered 
material through an electrostatic type of spray gun 
(not shown). The fluorocarbon material is fluidized 
in a porous bed power feed hopper and is dellv- 
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ered to the electrostatic spray gun in controllable 
volume and velocities. As the powder passes 
through the gun nozzle and is sprayed, it becomes 
electrically charged and is attracted to the ground- 
ed substrate (a ship's hull, for example) in an 
evenly distributed manner. The sprayed-on powder 
is then cured by the application of heat, or more 
preferably, by the application of coherent laser 
radiation supplied by the laser 8 that is of a 
wavelength or balanced wavelength, to penetrate 
the polymer surface with a calculated percentage 
absorbed in the polymer and the rest penetrating to 
the substrate 7 with enough remaining energy to 
fuse the polymer layer 6 and the adjacent substrate 
7 at their interface 9. 

Rg.3 shows a circuit diagram of an apparatus 
for applying heat to the interface of a film or 
powder sprayed onto the hull of a ship, for exam- 
ple. This apparatus comprises an Infra-Red laser 
11 throwing its light via an optical system 12 for 
correcting format and alignment of the beam onto a 
first optical deflector 13. which reflects a small 
percentage to a broad band IR sensor 14, which 
accurately measures the realtime IR laser power, 
generating an analogue or digital signal and is 
connected to an analogue-to-digital Interface circuit 
15, on one hand linked to the central processing 
temninal 16 and on the other hand to the laser 
power supply 17 locking said laser power supply 
17 to the value specified by said central processing 
terminal 16, whereas the remaining part of the 
beam passes through a second deflector 18 via an 
Y-scanner mirror 19 and an X-scanner mirror 20 for 
correct positioning of the beam during raster scan- 
ning, optical scanning correctors 21 for keeping the 
beam focussed to a consistent size and angle with 
respect to the substrate 22. The substrate 22 ele- 
vates in temperature, which in turn emits IR radi- 
ation, which is proportional to its current tempera- 
ture. An IR feedback sensor 23. receiving the IR 
radiation reflected from said heated substrate 22 
via the optical scanning correctors 21, the X-scan- 
ner mirror 20, the Y-scanner mirror 19. the second 
optical deflector 18, the first optical deflector 13 
and the mirror 24 said IR feedback sensor 23 
generating an analogue or digital signal, being con- 
nected to another input of the analogue-to-digital 
interface circuit 15 for realtime processing to cor- 
rectly manage the sweep rate of the fastest moving 
axis (X or Y) and/or manipulate laser power when 
one or the other parameter limit has been ap- 
proached. A telemetry measuring sensor 25 con- 
nected with its output to a third input of the 
analogue-to-digital interface circuit, receives its sig- 
nal from the substrate 22 to the optical scanning 
correctors 21 , the X-scanner mirror 20, the Y-scan- 
ner mirror 19 and the second deflector 18 for 
distance measurements to be accurately made in 
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realtime as the laser beam sweeps across the 
surface of the substrate 22, an IR camera receiving 
an IR picture of the substrate 22 and being con- 
nected with an IR thermal image processor 27. 

5 which is linked to a fourth input of the analogue-to- 
digltal Interface circuit 15. This circuit passes the 
data in the correct format to the central processor 
terminal 20 where software Interprets the data and 
then modifies the other process parameters like for 

10 example the slowest moving scan axis (X or Y), 
dispersion spray thickness, dispersion spray tem- 
perature, laser power distribution throughout the 
system, pre-heat scan temperature, post-heat scan 
temperature, etc. The IR camera 26 and the IR 

75 thermal image processor 27 must be set for the 
correct emisslvity value of the surface being treat- 
ed, whereas the IR sensor 23 must be set to its 
own correct emisslvity value based on Its own 
optical path using the IR thermal image processor 

20 system 26 and 27 as a reference point. If pre-heat 
scanning is to be done, then the grating tuned laser 
11 should have its defraction grating set for 10,6 
iim wavelength. If post-heat scanning is to be 
done, then the grating tuned laser 11 should have 

25 its defraction grating set for a wavelength that will 
distribute the IR radiation between dispersion layer 
and substrate layer by riding the spectral transmis- 
sion and absorption response curves of the disper- 
sion layer. This in turn will allow a more equal and 

30 uniform temperature rise between coating and sub- 
strate. 

The optical deflectors 13 and 18 have been 
specially made to be tranparent to IR radiation 
wavelengths transmitted by the laser 11 for exam- 
35 pie 8,5 to 12 um, whereas the second optical 
deflector 18 is reflective to substrate wavelengths 
(2 - 8,5 um). 

Rg.4 shows a circuit diagram of a similar ap- 
paratus, as described in Fig. 3, only the telemetry 
40 measuring sensor 25 is placed next to the optical 
scanning correctors 21 for look-ahead search pro- 
filing and storing the Infonnnation in the memory 
which may be incorporated in the analogue-to- 
digital interface circuit 15. This information can 
45 later be recalled as the scanning laser beam 
reaches these points. In this apparatus the second 
optical deflector 18 can be dispensed with. 

It has been found that with a CO or CO2 laser, 
either superheterodyned or grating tuned on both 
50 with a wavelength between 4,98 um and 12,7 um 
or more preferred 7,0 to 12,7 u.m coupled with an 
accurate thermal feedback and telemetry monitor- 
ing and control system, as described in Fig. 3 and 
Fig. 4, is capable of controlling the thermal pre- 
ss cessing of these fluoropolymers with minimal effect 
to the substrate on the object being coated and 
that this system is also capable of compensating 
for the effects experienced with high power CO2 
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lasers that have a multi-mode structure in the Far 
field, that normally cause disuniformity in thermal 
distribution that often renders exact and precise 
control useless in obtaining smooth thermal gra- 
dients and distribution. With this invention thermal 
distribution can be varied during the process by 
means of precision, power and optical adjustments. 

Flg.5 shows an apparatus comprising a self- 
propelled vehicle 30 which can be moved along the 
substrate, having a very long flat bed 31 on which 
a superstructure 32 is mounted, having a plurality 
of elevator members 33 and 34, which are inter- 
connected by a truckframe platform 35. supporting 
the equipment necessary to carry out the method 
according to the invention. 



Claims 

1. Method for applying a coating to a substrate, in 
particular the outer surface of ships hulls In order 
to protect them from fouling by exposure to marine 
organisms in a submerged aquatic environment, 
characterized in that the coating consists of poly- 
merized fluorocarbon material, preferably of the 
group constituted by PFE (polyfluoraether), PTFE 
(polytetrafluorethylene), FEP (fluorinated ethylene 
propylene), CTFE (chlorotrifluoroethylene). TFE 
(tetrafluorethylene). ETFE 
(ethylenetrifluoroethylene) and PVF 
(polyvinylfluoride). 

2. Method according to claim 1, 
characterized in that the coating is a fluorocarbon 
film which is thermally fused to the substrate. 

3. Method according to claim 1. 
characterized in that the fluorocarbon material is 
sprayed onto the substrate and is thenmally fused 
to the substrate. 

4. Method according to claims 2 and 3, 
characterized in that the thermal fusing is obtained 
by employlng~a coherent form of radiation, con- 
centrated in a small portion of the electro-magnetic 
spectrum the fluorocarbon resin coating absorbing 
sufficient energy from the radiant laser beam to 
melt and, as the case may be passing sufficient 
energy to heat the substrate at and near the joinder 
surface to approximately the same temperature, so 
as to bond the coating and the substrate Interface. 

5. Method according to claim 4. 
characterized in that the wavelengths of the coher- 
ent light source are compatible with both the 
fluorocarbon resin and the substrate material. 

6. Apparatus for carrying out the method according 
to the preceding claims. 

characterized in that it comprises . a source of co- 
herent light. 

7. Apparatus according to claim 6. 
characterized In that the source of coherent light is 



an infrared laser, preferably of the carbon monox- 
ide, carbon dioxide, methane or methanol type, 
whose wavelength is greater than 1 nm. 
8. Apparatus according to claim 7. 

5 characterized in that it comprises an infrared (IR) 
laser (11) throwing its light, as the case may be via 
an optical system (12) for correcting format and 
alignment of the beam, onto a first optical deflector 
(13), which reflects a small percentage to a broad 

10 band IR sensor (4), which accurately measures the 
realtime IR laser power, generating an analogue or 
digital signal and is connected to an analogue-to- 
digital interface circuit (15), on one hand linl<ed to 
the central processing terminal (16) and on the 

15 other hand to the laser power supply (17), locking 
the said laser power supply (17) to the value speci- 
fied by said central processing terminal (16), 
whereas the remaining part of the beam passes 
through a second deflector (18) via an Y-scanner 

20 mirror (19) and an X-scanner mirror (20) for correct 
positioning of the beam during raster scanning, 
optical scanning correctors (21) for keeping the 
beam focussed to a constant size and angle with 
respect to the substrate (22). an IR feedback sen- 

25 sor (23) receiving the IR radiation reflected from 
the heated substrate (22) via the optical scanning 
correctors (21), the X-scanner mirror (20), the Y- 
scanner mirror (19). the second optical deflector 
(18), the first optical deflector (13) and the mirror 

30 (24) said IR feedback sensor (23). generating an 
analogue or digital signal, being connected to an- 
other input of the analogue-to-digital interface cir- 
cuit (15) for realtime processing to correctly man- 
age the sweep rate of the fastest moving axis (X or 

35 Y) and/or manipulate laser power when one or the 
other parameter limit has been approached, a te- 
lemetry measuring sensor (25) connected with Its 
output to a third input of the analogue-to-digital 
interface circuit (15) receiving its signal from the 

40 substrate (22) through the optical scanning correc- 
tors (21), the X-scanner mirror (20), the Y-scanner 
mirror (19) and the second deflector (18) for dis- 
tance measurements to be accurately made in real- 
time, as the laser beam sweeps across the surface, 

45 an IR camera (26) receiving an IR picture of the 
substrate (22) and being connected with an IR 
thermal image processor (27) which Is linked to a 
fourth input of the analogue-to-digltal interface cir- 
cuit (15). 

so 9. Apparatus according to claim 8, 

characterized In that the telemetry measuring sen- 
sor (25) Is placid" next to the optical scanning 
correctors (21) for look-ahead surface profiling (28) 
and storing the Information in a memory which may 

55 be incorporated in the analogue-to-digital interface 
circuit (15), whereas the second optical deflector 
(18) can be dispensed with. 
10. Apparatus according to claim 6-9, 
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characterized in that a self-propelled vehicle (30) is 
present which"cafrbe moved along the substrate, 
having a very long flat bed (31) on which a su- 
perstructure (32) is mounted having a plurality of 
elevator members (33. 34). which are intercon- 6 
nected by a truckframe platform (35) supporting 
the -equipment necessary to carry out the method 
according to the invention. 

to 
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